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WEULBORE CASING 
Cross Reference To Related Applications 

This application claims the benefit of the filing date of Ui>. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.8, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relates generally to weDbore casings, and in par ticular to 
weDbore casings that are formed using expandable tubing. 

Conventionally, when a wellbare is created, a number of casings are 
5 installed in the borehole to prevent coDapse of the borehole wall and to prevent 
undesired outflow of drilling lh^ 

formation into the borehole. Theborehole is drilled in intervals whereby a casing 
which is to be installed in a lower borehole interval is lowered through a previously 
installed casing of an upper borehole interval. As a consequence of this procedure 
10 the casing of the lower interval is of smaller diameter than the casing of th e upper 
interval. Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuh are provided between the outer 
surfaces of the casings 

wall. As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased coats due to heavy casing handling equ^nnent, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to o v erc om ing one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
weDbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided t 



in the borehole, injecting fluidic material into the borehole, and radially expanding 
the liner in the borehole by extruding thebner off of the mandrel 

According to another aspect of the present invention, a method of forming 
a weUbore casing is provided that includes drilling out a new section of the 

5 borehole adjacent to the already existing easing, Atubnlarlinerandamandrelaie 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hardenable fluidic sealing material is injected into 
m annular region between the tubular liner and the new section of the borehole. 
The rtPT Hilflr region between the tubular liner and the new section of the borehole 

10 is thai fluididy isolated from an interior region of the tubular Knar below the 
mandrel A mm hardenable fluidic material is then injected into the interior 
region of the tubular liner below the mandreL The tubular liner is extruded off of 
the mandrel The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 

15 existing caging. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fluidic sealing 
material is removed from the interior of the tubular liner. The remaining portions 
of the fluidic hardenable fluidic t**\rn g material are cured. At least a portion of 

20 cured fluidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 

25 fluid passage. The tubular member ia coupled to the martf^ The shoe is coupled 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 
30 expandable mandrel, a tubiilar member, a shoe, ^ 
The support member ii^ 

flow control valve coupled to the first and second fluid passages. The expandable 
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mandrel is coupled to the support member and includes a third fluid passage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided t hat mdBdes pos ttioniq gam 
10 of the second tubular member. A portion of an interior region of the second 
tubular member la pressurized aid 
the mandrel into engagement wfth the first tubular member 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing member s 
15 at an end portion ofthe annular member, and one or more pressure relief passages 
at an end portion of the annular member. 

According to another aspect of the present invention, a wellbcro casing is 
provided that i n c ludes a tubular liner and an annHfiT body of a cured fhiidic 
sealing material. The tabular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie-back liner for 
lining an existing wellbore casing is provided that mrJtiA>« « tiih n1« r ifr^ m d an 
annular body of cured fhrirfic wealing material. The tubular liner is formed by the 
process of extruding the tubular Hner off of a mandreL The annular body of a 
25 cured fluidic sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that include* a support member, a 
mandrel, a tubular member and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 
30 a second fluid passage operabjy coupled to the first fluid passage, an interior 
portion, and an exterior portion. Tie interior portion of the mandrel is drDlable. 
The tubular member is coupled toto The shoe is coupled to the tabular 
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member. The shoe inchidpft a third fluid passage operably coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
the shoe is drillable. 
Brief Description of the Drawings 
5 FIG. lis a fragmentary cniss-sectioiud 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 is a fragmentary crosMectional view illustrating the injection of a 
first quantity of a hardenable fluidk nealing material into the new section of the 
well borehole. 

nG.3ais another fragmentary ooaB-a^ 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the mjection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic aealing material from the new aecto 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for formmg a caain^ 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a eras-sectional flhiBtratkm of a wellbare m*»imft w g a pair G f 
atQacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expendible fcnViipr member. 
5 FIG. 10c is a crosa-sectional illustration of the pumping of a fhndic sealing 

material into the annular region between the tubular member and the existing 
easing 

FIG. lOd is a cross-sectional illustration of the pressurizing of the interior 
of the tubular member below the mandreL 
10 FIG. lOe is a cross-sectional illustration of the extrusion of the tubular 
member off of the mandreL 

FIG. lOf isacrosa-aectianalffius^ 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
IS created using an expandable tubular member. 

FIG. 11a is a fragmentary cross-aecttonal view illustrating the drilling erf a 
new section of a well borehole. 

FIG. lib is a fr agmentar y cross eectfamal view ilhistrating the placement of 
an embodiment of an apparatus for hanging a tubular liner within the new section 
20 of the well borehole. 

FIG. lie is a fragmentary croas-aectkmal view illustrating the injection of 
a first quantity of a hardenable fluldir? apatingmstffrial into the new section of the 
well borehole. 

FIG. 1 Id is a fragmentary croas-apctioniil view illustrating the introduction 
25 of a wiper dart into the new section of the well borehole. 

FIG. He is a fragmentary crown sectional view ilhistrating the ir^ 
a second <ruantity of a harden 
the well borehole. 

FIG. 1 If is a fragm ent ary cross-sectional view flhstrating the completion 
SO of the tubular liner. 



Detailed Description of the Illustrative Embodiments 
An apparatus and method for fanning a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurising an interior portion of the 
tabular member Hie apparatus and method farther permits adjacent tubular 
members in the wellbore to be joined using an overlapping joint that prevents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 
10 member to be supported by an existing tubular member by expanding the new 
tubular member into engagement with the *»»M**-»»g tubular member. The 
apparatus and method farther minimises the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore en rang. 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member offofa mandrel by pressuriring 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint th^ 
20 gas passage. The apparatus and method farther permits a new tubular member 
to be supported by an tubular member by expanding the new tubular 

member into engagement with the e xi s tin g tubular member. 

An apparatus and method fo r expanding a tubular member is also provided 
that, includes an expandable tubular member, mandrel and a shoe. In a preferred 
26 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event o f a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for iwmgfag an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method permft^ 

attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular mem 



Referring initialry to Figs, 1-6, an embodiment of an apparatus and method 
for forming a weUbcre casing within a subterranean formation will now be 
described Aa illustrated in Fig. l,awellbare 100 is positioned in a subterranean 
formation 105. Thewellbore 100 mchides an existing cased section 110 having a 
5 tubular casing 115 and an jmnni*!- outer layer of cement 120. 

In order to extend the weHbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to farm a new section 130. 

AsfflustretedmFig.2,anap^ 
10 a subterranean formatkm^ 

100. The apparatus 200 preferably ******* m expandable ~ a ndrd or pig 205 , a 
tubular member 210, a shoe 2 16, a lower cup seal 220, an upper cup aeal 225, a 
fhud passage 230, a fhiid passage 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

memb er 250. The expandable mandrel 205 is preferably adapted to controllabry 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available mandrels modified in 

accordance with the teachings of the present disclosure. In a preferred 
20 embodhnent, the expandable mano^ 

disclosed in US. Patent No. 5,848,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

Ifce tubular member 210 is supp The 

26 tubular member 210 is expanded in the radial direction ar^ 

expandable mandrel 205, The tubular member 210 may be fabricated from any 
number of conventional commerrialry available materials such as, for example, 
Oilfield Country Tubular Goods (OCTG), 18 chrroiium steel tubing/casing, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 

80 fabricated from OCTG in order to maximize strength after expansion. The inner 
and outer diameters of the tubular member 210 may range, for example, from 
approxhnatery0.75to47inch« In a preferred 



<™nibrf tmm^ the tnTiffr mrf miter diameters of the tubular member 210 range from 

about 3 to 15.5 m ch » fl and 3.5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 

5 In a preferred embodiment, the end portion 260 of the tabular member 2 10 

is slotted, perforated, or otherwise modified to caich or slow do 
wh en it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 210 materials, the length of 

10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

16 examp le, Super Seal n float shoe, SuperSeainDown^etfloatsboeoraguideshoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 216 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug av ailable from Halliburton Energy Services in Dallas, TX, mo d ifie d in 

20 accordance with the teachings of the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tub ular members, and to optimally allow the complete drill out of the shoe and 
phig after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 2 15 includes one or more through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable fluid ir wmlingmaterial into the 
region outside the shoe 216 and tubular member 210. In a preferred embodiment, 
the shoe 2 15 includes the fluid passage 240 having an inlet geometry that can 

30 receive adart and/or a ball eeaKng member. In this manner, the fluid passage 240 
can be optimally sealed offby introducing a plug, dart and/or bal 1 seaKn g elements 
into the fluid passage 280. 
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The lower cap seal 220 is coupled to and supported by the support member 
250. The lower cup seal 22Q pmrnin foreign motm-ioU fam. entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. Hie 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the tearfimga of the present disclosure. In 
a preferred embodiment, the lower cup seal 220 comprises a SIP cup seal, available 
from Halliburton Energy Service 
material and contain a bocry of lubricant 
10 The upper cup seal 225 is arapl^ 
250. The upper cup seal 225 prevente foreign 

region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional commercially available cup seals such as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 
16 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SEP 
cup, available from Halliburton Energy Sendees in Dallas* TX^ 
block the entry of foreign materials and contain a body of hibricant 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of 
20 205. The fluid passage 230 is coupled to and portioned within the support 
member 250 and the expandable mandrel 206. Use fluid passage 230 preferably 
extends from a position accent to the surface to the bottom of the expandable 
mand rel 205. Hie fluid passage 230 is inferably positianed along a centerhne of 
the apparatus 200. 
25 The fluid passage 230 is preferahfr selected, m 

operation, to transport mafrminln such as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gallona/minute and 0 to 9,000 
pa fa order to minimize drag o 
surge pressure erarted on tto 
30 and lead to hole collapse. 

The fluid passage 235 permtoflnidi™ 
passage230. In this manner, during placementof the apparatus 200 within the 
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new section 130 of the wellbore 100, fluidic materials 255 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tabular member 210 
thereby minimizing surge pressures on the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 

5 passage is further fluidkly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably minimize smge pressures. The 
fluid paging* Mfi is prgferah^rpoaitinned substantially orthogonal to the cmteriine 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey Duidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimi!* surge pressures on the 

15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permitsaphig, or other similar device, to be placed m 
to thereby block farther passage of fluidic materials, in this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fhiidicly isolated from the region exterior to the tubular member 2 10. This permits 

25 the interior region of the tahulm- member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centerline of the apparatus 200 . 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epozies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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inc lu des an inlet geometry that can receive a dart and/or a ball sealing member 
In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing element* into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. The seals 245 are farther po 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 1 15 and the portion 
260 of the tubular manber 210 to be fluidkry sealed. The seals 245 may comprise 
way number of conventional commercially available seals such as, lor example, 
10 lead, rubber, Teflon, ©repeat 

the present disclosure. In apenefenedembodimga^ the seals 245 are molded from 
Stratalockepoxy available from Halliburton Energy Sexv^ 
to optimally provide a load bearing interfere m between the er^ 
tubular member 210 and the end 270 erf the existing casing 115. 
15 In apreferred embodiment, the seab 245 are selected to 

a sufficient firictional force to support the expanded tubular member 210 rromtr^ 
existing casing 115. hi a preferred embodiment, the ftictional farce optimally 
provided by the seals 245 ranges ftom about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 
20 The support member 250 is coupled ^^«^^«*»WiinTrrpl MB. tubular 

member 210, shoe 215, and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 200 into the new section ISO of the weDbore 100. In a preferred 
embodiment, the support member 250 further indudes one 
25 centralizers (not illustrate 

In a preferred embodiment, a quantity of lubricant 2 75 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. Inthismazmer.theextniaum 

oftheexpandabfexnandrel205isfecilit^ The lubricant 275 may compriseany 
30 number of conventional commercially available lubricants such as, for example, 
Lubripla ta, chlorine based hibrimnts, oil based lubricants or CKmax 1500 Antiiriege 
(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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AntLsiexe (3100) available from nf* TiayTai ^" ffaTltj * <>Tl ^ Kgmpmgnt Co. in Houston, 
TX in order to optimally provide optimum lubrication to facQiate the expansion 
process* 

In a preferred emb odime nt, the support member 260 is thoroughly cleaned 
5 prior to assembly to the rem aining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
fninimi «m th* pnmphflHy of foreign material clogging the various flow passages and 
valves ofthe apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 ofthe wellbore 100, a couple of weflbore volumes are 
circulated in older to ensure that no foreign materials are located within the 
weHbara 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process* 

15 As illustrated in Fig. 3, the fluid passage 235 is then closed an^ 

fluidic sealing mat erial 305 is t hf" pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 3 10 ofthe tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the a rmulffr region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 ofthe wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 316 at 

25 pressures and flow rates ranging, for example , from about 0 to 5000 psi and 0 to 
1,500 gallona/min, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sixes, weDbore section length, 
available pumping equipment, and fluid properties of the fluidic material being 
p umped The optimum ftowrate and operatic 

30 using conventional empirical methods. 

Hie hpH^M* fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, slag mix, cement or epoxy. In a pre ferred embodiment, the 
hardanabte fhndic sealing material 805 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optmial support for turn 
5 while also maintaining optimum flow characteristics so as to minimize difficulties 
(hiring the displacement of cement in the annular region 315. The optimum blend 
of the blended c ement is preferably determined using conventional 

empirical 

methods. 

Hie annular region 815 preferably is filled with the material 305 in 
10 suffiriei* quantities to en* 

210, t he annular region 815 of the new section 130 of the welflbore 100 will be filled 
with material 805. 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 
thi chnwtt and/or the outer diameter of the tubular member 2 1 Q is reduced in the 
16 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 m position* m Furthermore, in 

this manner, the initiation of the radial expansion of the tubular member 2 10 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 316 has been adequately 
20 filled with material 305, a ph^ 

fluid passage 240 thereby fluidity isolating the interior region 310 from the 
axmularregi02i316. In a preferred flmtvyttm^ m^ a iwm AimiimAV flujdic material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurise. In this manner, the interior of the emended tubular ineniber 210 wm 
25 not c ontain significant amounts of cured material 305. This reduces and simplifies 
the cost ofthe entire process. Atternativety.thematerW 
this phase of the process. 

Once the interior region 310 becomes sufficiently pregairigftd, th» faitmlar 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 
30 process, the expand a b le mandrel 205 mav be raised out of ih» ggpjmd^ portion of 
the tabular member 210. In a preferred *mh^m«mf during the extrusion 
process, the mandrel 205 is raised at approximate^ the sa 
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member 210 is -npi^frri in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 
the OTtruflitrn proff m H rvT nrnmi ^ ™ th the tnbular member 210 positioned above 
the bottom of the new wellbore section 130, keeping the mandrel 205 stationary, 
5 a nd allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed mto 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 40 5 preferably acta to fluidicly isolate the hardenable fluidic 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of cuii wnthmal commercially 
available devices Arc plugging 

Cementer (MSQ latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified m accordance 1* 

15 a preferred embodiment, the plug 405 comprises aMSC latch-down plug available 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240 , a non hardenable 
fluidic material 306 is preferably pumped mto the mtexiOT 
and flow rates ranging, for example, from approximate^ 400 to 10,000 psi and W 

20 to 4,000 gaUons/min. In this manner, the amount of hardenab le fluidic sealing 
material within the interior 310 of the tubular member 210 is mfmmteed In a 
preferred embodiment, after placement <rf the phig 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates ranging from ^proxmmtery5W)to9 > W)0psland40to 

25 3,000 gallona/min in order to maximise the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to mmimire 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material coinpostoono 

30 expansion mandrel 205, the "itipt diameter of the tubular member 210, the wall 
thickness of the taibularm 

of the tubular member 210. In general, the thicker the wall thickness, the smaller 
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the inner diameter, and the greater theyield strength ofthe tubular member 210. 
then the greater the operating pressures required to extnuie the tubular member 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion ofthe tubular membe r 210 
5 off of the expandable mandrel will begin when the pressure ofthe interior region 
310 r ea che s , for example, approximate^ 600 to 9,000 peL 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion ofthe tubular member 210 at rates ranging, for 
example, from about 0 to 5 ft/sec In a preferred embodiment, duringtha extrusion 
10 process, the expandable mandrel 205 ia raised out of the expanded portion of the 
tubular member 210 at rates ranging from abont0to2ftAectamtWt« ™»^~ 
the time required for the expansion process also permittmgea^<^trol of 
the expansion process. 

When the end portion 260 of the tubular member 210 ia extruded off of the 
16 expandable mandrel 205, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably c ont a ct the interior surface 410 of the end 
portion 270 ofthe casing 115 to form an fluM tight overlapping joint The contact 
pressure ofthe overlapping joint may range, for example, from approximately 50 
to 20,000 pai In a preferred embodiment, the contact pressure of the overlapping 
20 joint ranges from approximately 400 to 10,000 pmm£*der to provide optiinum 
pressure to activate the annular sealing members 245 and optimally provide 
r esist a nce to axial motion to accommodate typical tenafle and compressive loads. 



The overlapping joint between the section 410 of the existing casing 1 15 and 
the section 205 ofthe expanded tubular member 210 preferably provide « gnia^ip 
26 and fluidic seal Inaparnrolarfr preferred emb« *h» «»»Kr. c ™« W K 1 Tfr?JtfF 
optimally provide a fiuidk and gaswrnsaeaJm the overlapping joint 

ma preferred embodiment, the operating 
hardrnnhlp flnirfir material 306 iacontjr>11nhly ramped down «hm, th» .^p^H,. kj 0 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of pressure cauaedby the complete extrusion of the 
tubular member 210 off of the expandshle mandrel 205 can be minimized. In a 



-15- 



preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

TnomhAT gfifl try rsrAprtn flhgnrh thfr flhoA caused by the sudden release of pressure. 
The shock absorber may c ompri se, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is lynnpH***, the expandable mandrel 205 is 
removed from the wellbore 100. In a pr efe rred embodiment, either before or after 
the removal of the expandable mandrel 206, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 1 15 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 2 10 and the lower portion 270 of the casing 1 15 is satisfactory, 
then any uncured portion rfthe material 305 within the expanded^ 
20 2 10 b then removed in a conventional manner such as, for wrample, circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to core. 

As flhistraled in Fig. 5 , preferably any rema ining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 
30 annular layer515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 406 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional dulling methods. 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tabular member 210 jnrinriea one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 116 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equate Airing tihe extrusion proce^ 

In a preferred embodiment, the sealing members 605 are seated wi thin 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 meinbere60*arebondedGriM 

260 of the tubular member 210. The pressure relief holes 610 are preferably 
positioned in the last few feet of the tubular member 210. Ibe pressure relief 
holes reduce the operating pressures required to eapaml the upper portion 260 of 
the tubular member 210. This reduction in required operating pressure in turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This redaction in velocity fa Tnmmi^ th* mechanical Bhrrf t to the 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a casing within a wellbore preferably includes an 
20 expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, a float shoe 720, a lower cup seal 725, an upper cup seal 730, 
a fluid passage 736, a fluid passage 740, a support member 745, a body of fabric 
750, an overshot connection 765, another support member 760, and a stabilizer 
765. 

25 The expandable mandrel 705 is coupled to and supported by the support 

member 745. The expandable mandrel 706 is further coupled to the expandable 
mandrel container 710. The eipandsMp mandrel 705 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable mandrels 

30 modified in ecconlancewithto Inapreferred 
embodiment, the expandable mandrel 705 comprises a hydraulic expansion tool 
substantially as disclosed in U A Pat No. 6,348,085, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 7 1 0 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a pr eferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weHbors. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expa nda ble 
mandrel 705. The tabular member 715 is preferably expanded in the radial 

20 direction and «*frinteri off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a p re fer re d embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly p r e fe rred embodiment, the tubular 
member 715 hm » substantially circular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 prefer 

of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 716 is 
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preferably defined by the region beginning in the vicinity ofthe top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 705 and ending at the bottom 826 of the 
5 tubular member 715. 

In a preferred embodiment, the wall thirJcnass of the upper section 805 of 
the tubular member 7 1 5 is greater than the wall thicknesses of the intermediate 
and lower sections 810 and 815 of the tubular member 715 in order to optimally 
feriKate the initiation 
10 700 to be positioned in locations m 

The outer diameter and wall thickness of the upper section 805 of the 
tubular member 716 may range, for easing fimn about L05 to 48 inches and 1/B 
to 2 inches, respectively, in a prf»r»w«*i embodimen t^ outer Hipper ^ 
thickness of the upper section 805 of the tubnlarmember 715 range torn about 3.5 
15 to 16 inches and 3/8 to L5 inches, respectively. 

The outer diameter and wall tMAn^pa of the intermediate section 810 of the 
tubular member 715 may range, for example, from about 2.6 to 50 inches and 1/16 
to 1J5 inches; respectively. In a preferred embodiment* the outer diameter and 
wall thickness of the intermediate section 810 of the tubular member 715 range 
20 from about 3.6 to 19 inches and VB to UJ5 inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, for exaj^^fromabont2^to60mchesand 1/16 
to 1.25 i nc he s, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred embodmen^ 

member 715 is further increased to increase the strength of the shoe 720 when 
drillahle materials such aw, for example, aluminum are noetL 

The tubular member 715 preferably comprises a solid tubular member. In 
SO a preferred embodiment, the end portion 820 of the tubular member 715 is slotted, 
perforated, or otherwise modified to catch or alow down the mandrel 705 when it 
completes the extrusion of tubnlar member 716. In a preferred embodiment, the 
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Iot gfrh jif the tubula r nipmhpr 716 is limited in Twinimtgn the possibility ofly iwUfag 

For typical tubular member 715 materials, the length of tike tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes an inlet passage 830, and one or more 
jet ports 835. In a particularly preferred embodiment, the cross-sectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body of solid material 840 for increasing the strength of the 
shoe 720. In a particularly preferred embodiment, the body of solid material 840 
comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

16 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TO, modified in 
accordance with the frnHThfrgp of the present disclosure, in order to optimize 

20 guiding the tubular member 716 in the wellbore, optimize Hie seal between the 
tubular member 715 and an existing wellbore casing, a^ 
removal of the shoe 720 by drilling it out after completion of the extrusion process. 
The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may ffmpri ** pny m^be* «f <ymwntiimAl oommercialjy available cup 
seals such as, for example, TP cups or Selective Infection Packer (SIP) cups 
T^ff*?* fa accordance with the teachings ofthe present disclosure^ In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cap seal 730 prevents foreign materials from entering the mterior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional commercially available cup seals such as, for example , TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachings of the pieaeiiidtoclognre. In apreferred embodiment, the upper cup seal 
730 comprises a SIP arparail^ 

in order to optimally provide a debris barrier and contain a body of lubricant 
The fluid passage 735 permits fluidic materials to be transported to and 
10 from the interior region of the tubular member 715 below the «pand«hl» 

705. The fhiid passage 785 is fmidkry Thefiuid 
passage 736 is preferably coupled to and positioned within tte 
760, the support member 746, the mandrel container 710, and the expandable 
mandr el 705. The fluid passage 735 preferably extends from a position adjacent 
15 to the surface to the bottom of the expandable mandrel 705. The fluid paasage 735 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 40 to 3,000 gallons/minute 
and 500 to 9,000 pei in order to provide sufficient operating pressures to extrude 
20 the tubular member 715 off of the expandable mandr el 705 

Aa described above with reference to Pigs. 1-6, during placement of the 
apparatus 700 within a new section of a weUbare, fluidic materials forced up the 
fluid passage 735 can be released into the weHbore above the tubular member 715. 
In a preferred ernbodiment, the apparatus 700 further includes a pressure release 
25 passage that is coupled to and positioned within the support member 260 . The 
pressure release passage is furthtt The 
pressure release passage preferably includes a control valve for controllably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activated The 
30 pressu« release passage is 

centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as cement, drilling mud or epoxies at flow rates 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wellbore and to minimize surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic Tn?t^" nlft to be transported to and 

5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic communication 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the inlet 880 of the fluid passage 740 

10 to thereby block Anther passage of fluidte materials. In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fluidicry isolated from the region exterior to the tubular member 7 15. 
This permits the interior regkm of the tubular m 
mandrel 205 to be pres suri zed. 

15 Hie fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gaUons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a wellbore with fluidk materials. In a preferred embodiment, the fluid 
passage 740 mdudw* an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a preferred embodiment, the apparatus 700 further includes one or more 
seals 845 coupled to and supported by the end portion 820 o f the tubular member 
715. Hie seals 845 are farther positioned on an outer surface of the end portion 
820 of the tubular member 716. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 82 0 of the 

30 tubular member 715 to be fluidicry sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordnnra with the te achings of the 
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present disc lo sure. In a preferred embodiment* the seals 845 comprise seals 
molde d from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 716 and an 
5 existing casing with optimal load bearing capadty to support the tubular member 
715. 

In a preferred embodiment, the seals 845 are selected to provide a sufficient 
fractional force to support the expended tabular member 715 from the existing 
casing. In a preferred embodiment, the frictionalfiarceprwdded by the seals 845 
10 ranges from about 1,000 to 1,000,000 Ifaf in order to optimally support the 
expanded tabular member 716. 

The support member 745 is praferahhr coupled to the erpanrfAhto ™*r>*r~} 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 

16 700 into a new section of a wdlbore. lie support member 745 may coinprise^ 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other >"gh strength tubular modified in 
accordance with the teachings of the present disclosure. In a preferred 
embo d iment , the support member 745 comprises conventional drill pipe available 

20 from various steel mills in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above the expandable mmAnA container 71 0 within the interior of 
the tubular member 715. In this mmn Br, the extrusion of the tubular member 715 
off of the expandable mandrel 705 is facilitated. The lubricant 705 may comprise 

25 any number of conventional commercially available lubricants such as, for 
eiamplfv Lubriplate, chlorine based lubricants, oil based lubricants, or Climax 
1500 Antxsiexe (3100). In a preferred embodiment, the lubricant 760 comprises 
Climax 1600 Antisieze (8100) available from Halliburton Energy Services in 
Houston, TX in order to optimaljy provide lubrication to feciliate the gxtrv«on 

30 process. 

The overshot connection 755 is coupled to the support member 745 and the 
support member 760. The overshot cozmection7» 
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member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 p re f erre d embodiment, the overshot connection 755 comprises a Innerstrtng 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX 

The support member 760 is preferabry coupled to the overshot connection 
755 and a surface support structure (not illustrated) . The support member 760 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 700 into a new section of a weBbore, The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steel drill pipe, coiled tubing or other high s^^ 
modified in accordance with the teachingB of the present dwrtomire. In a preferred 

15 embodiment, the s*^Jpcrt member 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabiliser 765 also preferably stabilises the components of the apparatus 700 
within the tubular member 715. The stabiliser 765 preferabry comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
bucklingofthetimuto The stabilizer 766 m*y comprise anymnnber 

of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or dragbtocks modified in accordance wi to 

25 of the present disdosure. In a preferred embodiira 

a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. In thi* manner, the introduction of foreign material into the apparatus 700 
is minimized. This minimizes the po«rihiBtv of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after p"«"«-i"Ttfpg the appara tu s 700 
within a new section of a wellbore, a couple of weHbore volumes are circulated 
through the various flow passages of the apparatw 700 m order to ensure that no 
foreign materials are located within the wellbore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the e^jansion niandrel 705 during the eipaiision process. 

In a preferred einbodiinHiit, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1-7 to form a new aectton nf^«™ c -ithin 
a wellbore 

10 As illastratedmr^ 8. man altmuati WH p.>.r>..^ a ^K^; — nt, the method 
and apparatus described herein Is used to repair an ezistrngweubore casing 805 
by forming a tubular bner 810 mside of the existing wellbore casing 806. In a 
preferred embodiment, an outer annular bning of cement is not provided in the 
repaired section. In the alternative preferred embodiment, any number of fluidic 

16 materials can be used to expand thetubularlmer 810 into mtiniate contact with 
the damaged section of the weDbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
memhers815 are prefenmr/provided at both ends 

to optimally provide a fluidic seal In an alternative preferred embodiment, the 
20 tubular lmijr810is formed withmanra 
»» those used to transport hydrec^ 

in an overlappmgrelatfoiisbip with the adjacent pipeline section. wthisinannex, 
underground pipelines can be rep^ 
damaged sections. 

25 In another alternative preferred embodimeiit, the method and apparatus 
described bfirem is i!sed to db^ctryUM in a 
preferred einbc)dnneait, an outer an^ 

the tubular hner 810 and the wellbore. In the alternative preferred embodiment, 
any nundw of fluidk material can be used to e^ 
10 intiniato contact with the wellbore suc^ 
or drilling mud. 
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Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weHbore casing includes an expendible tubular 
member 902, a support member 904. an expansible mandrel or pig 906. and a shoe 
908. In a preferred embodiment, the design and construction of the mandrel 906 
5 <mrf RbnA Qfift permits easy removal of those elements by drilling them out. In this 
manner , the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably mdudes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 

10 apparatus 900, the tabular 

908 by pressurizing an interior region 966 of the tubular member 902. The 
tubular niember 902 preferably has m substantially annular cross-eectian. 

Xn ar^rti ^^ p^**^™^ 
is coupled to the upper portion 9 10 of the expandabk tubular member 902. During 

15 operation of the apparatus 900, tte 

rtf ttiA TTumH w >1 flnft hy prragiirigirig the interior region 966 of the tubular member 
902. The tubular member 915 preferably has a substantially annular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than the wall thickness of the tubular member 902. 

20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 916 is fabricated from oilfield tubulars in order to optimally 
provide app rox i mately the same mechanical properties as the tubular member 902* 

25 In a particularly pref erred embodiment 

point ranging from about 40.000 to 135,000 psi in order to optimally provide 
approximately tte The tubular 

member 915 may comprise an 

In a preferred ernbodiment, the upper end portion of the tubular member 

30 915 includes one or more sealing members for optimally providing a fluidic and/or 
ga seous ^frb tm p^fft-Srig section of qwflihore casing. 
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In a preferred embodiment , the combined length of the tabular Tncmhyre 
902 and 9 15 are limited to min imiVe the possibility oflnickhng. For typical tubular 
member materials, the o omh i neri length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 

5 The lower oortwn 914 ofthe tubular niember 902 is prefer^ 
the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercially available materials neb as, for example, oilfield 
tuinil»n,Iowal)oystee]4 Inaprefer^enmotfinent, 
the tabular member 902 is fabricated fhimoiMekitDliiilmmoi^tn^ ffan.iiy 
provide approximately the iWTTWTTwhBrtfffi 
In a particularly preferred raibo^^ 
15 point ranging from about 40,000 to 186,000 pal m order to optimally provide 
approximately the same yield properties as the tubular member 916. 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 
and914of the tabular member 902 may rai^ for examiue,flom about 1A6 to 1.6 
Inches, In a preferred emhodimpnt, the wall thickness of the upper, intermediate, 
20 and lower portjona.910, 912 and 914oftbji tubule 

1/8 to L25 toordertooptimalry provide wafl thickness that are alxiut the sarne as 
the tubular member 916. In a preferred embodiment, the wall thickness of the 
tower portbn 914 is less than or equal to the wallthicknessof the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The outer diameter of the upper, intermediate, and lower portions, 910, 912 
and 914 ofthe tubular member 902 may ran^ 

inches. In a preferred ranhodhnm t, the outer diameter of the upper, intermediate, 
and tower portions,910,912and914of the tubular 
30 3 to 19 inches in order to optimally provide the ability to expand the most 
c omm only used oilfield tubnlars. 
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The length of the tubular member 902 is preferably Limited to between 
about 2 to 6 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 w*fimm»r riflUy tu fe^i^ r wpmhpro m odified * n <H " with th«> teachings 

of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country T 

The tubular member 9 15 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 

10 present diaclosure. Ina prefeiredrTTibodinii'ynt, thetubolaTmember91Samipriaes 
Oilfield Country Tubular Goods available from various UiL steel mills. 

The various elements of the tubular niember 902 may be coupled tismg any 
number of conventional process audi as, for example, threaded connections, 
welding or machined from one piece. In a pr e fer red embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded c on n ect io n s, 
welding or tw^MwpH from one piece. In a preferred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are couple 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 

25 The support member 904 preferably includes an innerstxing adapter 916, 
a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900,the support member 904 preferably supports the a^ 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 

30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, lor example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steeL In a preferred 



embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

Hie inneratring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The mnerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

Tha fluid passage918isprefera^ 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluididy coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 is used to convey hanfanwhto fluid fc idling innteriala to and from the 
aHparstos900. In apartfcularry preferred embodm*ent,thefluMpassi^918inay 
include one or more pressure relief passages (not illustrated) to release fluid 
pressure during pos ition i ng tf In a preferred 

emb o diment , the fluid passage 918 is positioned along a longitudinal centeriine of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenabk fluidic mntgrmfa at operating pressures 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferab^ 
20 within the tubular member 915. Tte upper guide 920 may comprise any number 
of conventional guide members modified in accordance with tfw> tonrbinpi 0 f the 
present disclosure. In a preferred embodiment; the upper guide 920 comprises an 
innerstring adapter available from Halliburton Energy Services in Dallas, TX order 
to optimally guide the apparatus 900 withm the tubular member 91^^ 
25 Iliecom^ 922 couples the support The 

coupling 922 preferably comprises a conventional threaded rm^pctipn 

The various elements of the support monber 904 may be coupled using any 
number of conventional processes such as, for example, welding; threaded 
connections or machined from one piece. Inaprrfen^miibodiment,thevari^ 
SO elements of the support member 904 are coupled using threaded ^t,^^ 
The mandrel 906 preferably inctades a retainer 924, a rubb^ 
expansion cone 928, a lower cone retainer 930, a bocry of cemra^ 
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934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926 . The retainer 92 4 couples the rubber cup 92 6 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 Therubbercup926is coupled to the retainer 924, the lubricator mandrel 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materials into the interior region 972 of the tabular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

16 Injection Packer (SIP) cup. In a pr e f erred embodiment, the rubber cup 926 
comprises a SEP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly p re fe rred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubnlar member 902 in orf 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriptafr, chk»rfr»«bflff»H friKrfajmfa^ml baaed hibricants or Climax 1500 Antiseize 
(3100). In a preferred embodiment, the hibricant comprises Climax 1 500 Antiaeize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TK in 
order to optimally provide lubrication to fariliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
cement 932, tlm lower gui^ 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 915 are extruded o£Tof the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion cone 928 preferably hasasubstmtia^ 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wan thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred embodiment, the wall 
thickness of the expansion cone 928 ranges from about 0.25 to 0.75 inches in order 
to optimally provide adequate compressive strength with minimal material. The 
10 maximum and mmimmn outside diameters «f *h« expansion cone 928 may ran g e, 
for example, from about 1 to 47 inches. In a preferred embodiment, the maximnm 
and minimum outside diameters of the expansion cone 928 range from about 3.5 
to 19 in order to cmtinialry provide expansion of generalfyavailabJe oilfield tubukrs 
The expansion cone 928 may be fabricated from any number of con ventional 
15 commercially available materials such as, for example, ceramic, tool steeL titanium 
or low alloy steeL In a profaned embodiment, «>* T^r*"" cone f>?8 is bricated 
from tool steel in order to optimally provide high strength and abrasion resistance. 
The surface hardness of the outer sorfaeeofthe expansion cone 928 may range, for 
example, from ab<mt 50 RockweUC to 70 Rockwell C. In a preferred embodiment, 
20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 
25 The lower cone retainer 830 is coupled to the expansion cone 928 and the 
housing940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone letainer 930. Preferably, the lower cone 
retainer 030 has * «ihatM»*t fl ]fr amailar nrocn ocrtton. 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional ccamnercialfr available materials m i rti as, far example, *» «m.fr. tool 
steeL titanium or low alloy steeL In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardness of the outer surface of the 
tower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 68 RockweO C to 62 Rockwell C 
5 m order to optimally provide high yield streng^ In a preferred embodiment, the 
lower co ne retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and to 

10 cone 928 are formed a* an integral g 

of ^tT^rpwfai and increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferably mates with the in^ 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 

15 The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 further may be easiry drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easiry removed using a 
conventional drilling device. 

Tbe body of cement 932 may comprise any number of conventional 

20 co mmartialry available cement compounds, Altgmarjvely.ahiminnm^ cast iron or 
soma other drillable metallic composite, or aggregate material ma 
for cement. The body of cement 932 preferably has a substantially annular cross- 
sectxoxL 

The lower guide 934 is coupled to the extension deeve 936 and housing 940. 
25 During operation of the appa^ 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available "mfrrtolfl such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 



The outer surface of the lower guide 934 prefei^ty mates wMi the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 838 is coupled to the lower guide 984 and the housing 
940. During operation of the apparatus 900, the extension slew 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The prtenHTon sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel or stainless steeL In a preferred embodiment, the 
10 extension sleeve 936 is fabr^ 

highyield strength. Theemtersiirfeceofthe 

with the inner surface of the tubular member 902 to rmv^ ina 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
pi^erabry includes the fluid passage 962 and is adapted to mate with the extensi 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a rnihfltontiany annular cross-eectioii 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, ahiminum or cast 
iron. In a preferred embodiment, the spacer 938 is fabricated from aluminum in 
order to optimally provide drillability . The end of the spacer 938 preferably mates 
25 with the end of the extension tube 960. In a preferred embodiment, the gp«m- 
938 arid the seaKngsleeve 942 are fcroed 
to reduce the number of cnnnionents and increase the stra 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and tower cone retainer 930. During 
30 operation of the apparat^ 

moticmoftheexpan^n cone 928. Preferabfr,thehouamg 
annular cross-section. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
steel or stainless steeL In a preferred embodiment, tte housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 

5 preferred embodiment, the lower guide 934, extension sleeve 936 and housing 940 
are formed as an integral one-piece element in order to minimitp the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one ox more protrusions to fadliate the connection between the 

10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cenient 95% the spacer 988, and During operation of 

the apparatus, the sealing sleeve 942 preferably provides support tor the mandrel 
906. The sealing sleeve 942 is preferably coupW to the support m^ 

15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross ejection . 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluniinum in order to optimally provide drillability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to f aci li at e the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to mmimi i e the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 982, During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axial mo 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
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The upper cane retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 
is fabricated from aluminum in order to optima^ pnyvide 
6 cone retainer 944. 

In a particularly preferred embcrfm^ 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I^haped to provide increased rigidity and minimise the 
10 amount of material that wuuld have to be drilled out. 

The lubricator mandrel 948 is coupled to the retam^ 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 aim the ttfnjlar member 
lubricator mandrel 946 has a *mh« fam««ifr annular rmwn nrrtion 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercial^ available materials such as, for example, steel, 
aluminum or cast iron* In aprefeued embodiment, the lubricator mandrel 946 is 
20 fabricated from aluminum in order to optimally provide drfllabflity of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cop 926, the upper com rotamer 944, the 
948, and the guide 950. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 
sleeve 948 has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commexciany available materials such as, for example, steel, 
aluminum or cast iron. In a prefei irniKwHtr,^ the lubricator oIccto 918 ig 
30 fabricated from aluminum in order to optimally provide drfll ab flity of the 
lubricator sleeve 948. 



As illustrated in Fig. 9c, the lubricator sleeve 948 ifi supported by the 
Lubricator mandrel 946. Thehibricatcx sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred einbodiment, seals 949a and 949b are provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the hibricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904* Preferably, the 
10 guide 950 has a substantially annuls 

The guide 950 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron, In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
materials In a preferred embodiment, the fluid passage 952 is positioned about 
the centerlxne of the apparatus 900. In a particularly preferred embodiment, the 
fluid passag e 952 is adapted to convey hardenable fluidic materials at pressures 
20 andflwraterangmgfom abort 

to optimally provide pressures andflwratesta displace and 
the installation of the apparatus 900. 

The various eVp*"* * of the mandrel 906 may he coupled using any number 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of canent 958, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet Jets 964. 
30 The hcujang 954 is celled to 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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shoe 908 to facilitate the extrusion and positioning qf the tabular member 902. 
Preferably, the housing 954 has a substantially anpnlar cross-section. 

The housing 954 may be fabri c ate d from any number of conventional 
commercially available materials such as. for example, steel or al uminum In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide d riHabilifr of the ho using 954 

In a particularly preferred*^ 
954 includes one or more protrusions to fiaciliate the connection between the to 
of cement 966 and the housing 954. 
10 Thebody of cement 956 is coupled to the housing 954 T and th ft ^img 0 i~^ 

958. In a prefmed embodiment, the composition of Uie body of cement 956 is 
selected to permit the bo4y of cement to be easily drilled out using conventional 
drilling machines a n d process e s. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodim ent, a dr fll able 
material such as, for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cemmt 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 
20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 



and then into the outlet jets 964 in order to h^ the hardenablefluidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatM9m, th» «k>Kt, e eio^ ofrg farther 
25 includes an inlet geometry that penn^ 

todgedintheinletoftheaealingsleeve96a In this manner, the fluid passage 962 
may be blocked thereby fhiidicfr isolating the in^ 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 annular cross-section. Thesealizigsteeve958m V befebric^ 

of conventional commercially available materials audi am for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenabie flu idic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenabie fluidic material into an annular 
region p****™*! to the tubular member 902. In a preferred embodiment, during 
operation nf ft™ nppmratnff ftftn, moling sleeve 96Q further includes an inlet 
10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958, In this manner, the fluid passage 962 is blocked 
thereby fiuidkfy isolating the interior region 968 of the tubular member 902. In 
a preferred embodiment, one end of tta 

the spacer 988 in order to optimally fadiiate the transfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 may be fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred enibodiment, the extension tube 960 is 

20 fabricated from o^^^^ m order to optimally provide drfflabflity of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenabie fluidic materials. In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centerline of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to convey hardenabie fluidic materials at pressures and flow rate 
ranging from about 0 to 9,000 psi and 0 to 3 ,000 galloiis/min in order to optimally 
provide fluids at operationally efficient rates. 

30 Tte outlet jets 964 axe coupled to the sealing sleeve 958, the extension tube 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferamy convey hardenabie fluidic material from the fluid passage 962 



to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 mclndes a plural^ 

In a preferred embodiment, the outlet jets 9M comprise passages drilled in 
the torang 954 and th* body 
5 of the apparatus 900. 

The various elements of the shoo 908 be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of materiaL In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement 
10 In a preferred mnhod 

descried above with reference toPlgs. W to create anew se<^ of casfaig ma 
weHbore or to repair a wellbaxe casing or pipeline. 

In particular, in order to extend a weHbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a weHbore casing in a subterranean 
formation is then positioned in the new section of the weHbore. In a particularly 
preferred embodiment, the apparatus 900 incl u des the tubular member 915. Ina 
preferred embodiment, a hardenahle fluidic sealing hardenable fiuidic sealing 
20 material is then pumped from a surfcce location into the fluid passage 918. The 
hardaiiabkfmidiriPflFmgm 

interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenahle fluidic sealing material then paaaea from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular menmer 902 and 

weHbore. Continued pumpingof the harrlenahle fluidic sealingmaterial causes the 
material to fill up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates ranging, for example, from about 0 to 
5,000 psi and 0 to 1,500 gallons/mm, respectively. Inapreferred tmibodiment, the 
hardenable fluidi r seating material is pmnped into the annular region at pressures 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that tircuktionmigto 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a pr eferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
filled with hardenable material. 

20 Once the annular region has been adequately filled with harripnahle fluidic 

sealing material, a plug or dart 974, or other similar device* preferably is 
introduced into the fluid passage 962 thereby fiuididy isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, a non hardenable fluidic ^PAte™^ is th*p pumped into the interior 

25 region 966 causing the interior region 966 to pressurise. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by introducing the |rfugor dart 974, or other 
similar device into the non hardenable fluidic material. In this manner, the 
amount of cured material within the interior ofthe tubular membera 902 and 915 

30 is minimized. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandable. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904 During thfeertrura 
substantially stationary. 
5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plnggmg a fluid passage such as, 
for example, Multiple Stage Cementer(M3Q latch-down p^ Omega latch-down 
10 phig or three-wiper latch doro 

the present disdosura Inapreferredembodi 

a MSC latch-down plug available from HalhTmrton Energy Service 4n T ^l TK 
After placement of the plug or dart 974 in the fluid passage 962, the non 

hardenable fluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 

3,000 gallons/min in order to op timalfy extrude the tubular members 902 and 915 

off of the mandrel 906. 

For typical tabular members 902 and 915, the extrusion of the tubular 

members 902 and 915 off of the expandable mandrel will begin when the pressure 
20 of the interior region 966 re aches appnjximatejy 500 to 9,000 paL In a preferred 

enibodiment, the extrusion of the tubular members 902 and fl 15 off of the mandrel 

906 begins when the pressure of the interior region 966 reaches approximately 

1,200 to 8,500 psi with a flow rate of about 40 to 1250 galloiuVmiiraie. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 expanded portions of the tubular members 902 and 915 at rates ranging; for 

example, from about 0 to 5 ft/sec. In a preferred ezm^xiim 

process, the mandrel 906 in raised out of the expanded portions of the tubular 

members 902 and 916 at rates ranging from about 0 to 2 ft/sec in order to 

optimally provide pulling speed mat enough to permit efficient operation and 
SO permit full expansion of the tubular members 902 and 915 prior to curing of the 

h a r d p na hlft fluidic sealing material; but not so fast that timely adjustment of 

operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the xipper end portion of the tubular memb^ 
916 will preferably contact the interior surface of the lower end portion of the 
wTiwfnTig casing to form an fluid tight overlapping joint. The contact pressure of the 
5 overlapping joint may range, for example, from approximately 50 to 20,000 psL In 
a preferred embodiment, the contact pressure of the overlappingjoint between the 
upper end of the tubular member 915 and the existing section of wellbore casing 
ranges from approximately 
pressure to activate the sealing me 

10 the tubular member 915 and exists 
compressive loads. 

In a p r e f erred embodiment, the operating pressure and flow rate of the non 
hardenable flmdic material will be controllabry ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In this manner, the 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimised In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has <™rrp\mt*A approximately all but about the last 5 feet of the 

20 extrusion process. 

In an alternative preferred embodiment, the operating pressure aad/or flow 
rate of the hardenab le fluidic sealing material and/or the non hardenable fluidic 
material are controlled during all phases of the operation of the apparatus 900 to 
minimize ftV*^ 

25 Aheruatrvefoorm^ 

member 904in order to absorb the shock csm^ by the sudden release of prasure. 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process is completed,^ 

theweUbore. In a preferred embodiment, either before or after the removal 
mandrel 906, the integrity of the fluidic seal of the overlappingjoint between the 
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upper portion of the tubular member 915 and the lower portion of the easting 
casingifl tested using conventional methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactory,: then- the uncored portion of any of the 
5 hardenable fluidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner, Th* hardenshle sealing material 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wellbore is then allowed to cure. 
Preferably airy ren^ 
10 the interior of the expand^ 

convent ional manner usinga conventional drill string The resulting new section 
of casing preferably includes tte expanded tabu^ 

outer annular layer of cured hardenable fluidic sealing material The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 

to a malfunction. In this circumstance, a conventional drill string is used to drill 

out the interior sections of the apparatus 900 in order to fadU 
20 themxwmingsectkms. In a preferred embodiment, ^ 

apparatus 900 are fabricated from materials such as, for example, cement and 

ataminmn, that permit a »nventinriald^ string to 

interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 sectiou of the mandrel 

cement 932, the spacer 938, the sealing sbero 942, the upper cone 

the lubricator mandrel 946, the lub 

954,thebodyofceiramt95^ 

are selected to permit at least some of these components to be drilled out using 
30 conventional drilling method In this manner, in the event of a 

malfunction downhole, the apparatus 900 may be easfiy removed from the 
wellbore. 
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Referring now to Figs. 10a, 10b, 10c, lOd, 10e, lOf, and lOga method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
illustrated in Fig. 10a, a wellbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
5 The first casing 1004 preferably inchidesatubtilarliner 1008andacenient 

annums 1010. The second casing 1006 preferably includes a tabular liner 1012 
pr>d a cement annuhis 1014. In a p r e fer re d embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs. lla-llf 

10 Li a par t i cu larly preferred embodiment, an upper portion of the tubular 
Hner 1012 overlaps with a L iwer p ortion of the tubular liner 1008. In a particularly 
prefe rre d embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fhudic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig, 10b, in order to create a tie-back liner that extends from 

the overlap between the first and second casinga, 1004 and 1006, an appara tu s 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1186, one or more fluid passages 1140, seals 1146, and a 

20 support member 1150. 

The ex pandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable m a ndr el s 

25 modified m accordance w In a preferred 

embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in UA Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, inodffiedm accordance wh^ 
present disclosure. 

30 Tho tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. The tubular member 1105 is expanded m the radial direct 
extruded off of the expandable mandrel 1105. The tubular member 1 1 10 may be 
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fabricated from any number of materials each as, for example. Oilfield Country 
Tubular Goods, IScfarommm tubing or piastre piping. In a preferred emb odim ent, 
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods. 
The inner and outer diameters of the tubular member 1110 may range, for 
6 example, &omappropmateb/0.75 to47mches 
In a preferred embodiment, the inner and outer dhunetersef the ti&ularm 
1110 range from about 8 to 16.6 inches and 3.6 to 16 todies, respectively m order 
tooptinialfrpTovidecoverage for typical oflfieM rawing aireB. The tubular member 
1110 preferably comprises a solid member 
10 In • preferred embodinient, the 

1110 is alotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1106 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
m ' nimiTB Possibility of buckling. For typical tubular member 1110 materials, 
16 the length of the tubtilarmemb^ 
to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe in6inchides the fluid passage 1185. The shoe 1115 may 
comprise any number of conventional commercial^ available shoes such as, for 
20 exampk^ SmxrSeainfloat shoe, Super SealEDown^ 

with a sealing sleeve for a latch down ping modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an ahjminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug with side ports radiating oft* of the exit flow port available from Halliburton 
25 Energy Services in Dallas, TX, inodified m accordance wto 

present disclosure, in order to optimalh/ guide the tubular member 1100 to the 
overlapbetween the tubular member 1100 and the casing 1012, opthnaJlyfituVHcry 
isolate the interior of the tabular member 1100 after the latch down plug has 
seated, and optimally permit drilling out of the shoe 1116 after completion of the 
SO e xpans i on and cementing operati on s 

In a preferred embodiment, the aboe 1116 tochides one or more side outlet 
ports 1140 in flnirtir mmrnnnicatfam with the fluid pesaage 1185. fa tins manner, 
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the p >»™» 111 * tr^ftai hardenable fluidic ^K"g™«tTrint ir to the region mittado the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more ofthe fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1 140 can be sealed offby introducing a phig, dart and/or ball ra*lrn g elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1160. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 11 10 adjacent to the expandable mandrel 1105. The cup seal 
10 1120 may oompriae any number of conventional commercially available cup seals 

ttlchBS, for Mflftnplft, TP cupg or SdecBw Iqjfle±knt PmAtrr fSTPI CQpS nurMfi*A jp 

accordance with, the teachings of the present disclosure. In a p re fer re d 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel HQS. The fluid passage 1130 is preferably positioned along 
a centerline ofthe apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/mmuteand0to9,0{H)psiinoi^ 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 pemitaflnldicmaterialstobe transmitted 
passage 1130 to the interior ofthe tubular member 1110 below the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1116. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region ofthe tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other similar device, to be plarrf 
passages 1140 to thereby block farther passage of fluidic TnA^ppftl ff In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidiciy isolated from the region exterior to the tubular 
member 1105. This pennits the interior region of tn^ 
the expandable mandrel 1105 to be pressurized. 

The fluid passages 1140 arepreferably positioned along the periphery of the 
shoe 1116. The fluid passages 1140 are preferably selected to convey materials 
10 audi as cement, drilling mud or epoxies at £tow rates and piessumnuigin« from 
about 0 to 3,000 galtona/mlmrte and 0 to 9,000 psi in order to optimally fill the 
annular region between the tubular member 

fluidic materials, ha preferred embodiment, the fluid passages 1140 hichide an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1 140. 

In an alternative embodiment, the base of the shoe 1116 includes a single 
inlet passage coupled to the fluid passages 1140 thai is adapted to rece^ 
20 or other similar device, tope 

to be fluidicfr isolated from the exteriorof the tubular member 1110^ 

The seals 1145 are coupled to and supports 
tubular member 1110. The seals 1 145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
26 overkppingjomt between the upper 

end portion of the tubular member 1110 to be fluidicfy sealed 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber, Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a pre fe rred 
30 embodiment, the seals 1145 comprise seals molded from Btratatock epoxy available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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hydraulic seal m the overiappii^^ 

to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
a sufficient fxktional force to support the expanded tubular member 1 1 10 from the 
5 tubular liner 1008. In a pre f erred embodiment, the fhetional force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Min tension and compression in 
order to optimally support the expanded tabular member 11 10. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 

10 preferably frrmprig^ff * 11 member h*vfrng mffirfgnt strength to cany the 

apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional centralism (not 
illustrated) to help stabilize the tubular member 1 110. 

In a p re f erre d embodiment, a quantity of lu bri ca nt 1150 is provided in the 

16 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In thia manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. Hie lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
far example, T^^plflte,chi™™>y»«*rf hAricants or Climax lfiOO Antiaeize (3100). 

20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiaeize 
(3100) available from CUmax Lubricants and Equipment Co* in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In a pref erred embodiment, the support member 1 150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the introduction of foreign material into the apparatus 1100 ia nominated . 
This wr*%frri«Ht the possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 

30 packer 1 155 coupled to the bottom Bection of the shoe 1 1 15 for fluididy isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fraidic 
materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1155 comprises an EZ Drill Packer available from Halliburton Ener^ 
5 Dallas, TX In an alternative embodiment, a high gel strength pill may be set 
below the tie-backinplaceofthe packer 1155. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the weUbore 1100, a couple of wellbore volumes are circulated in order to 
10 ensure that no foreign materials are located within the wellbore 1000 that might 
dog up the various flow passages and valves ofthe ap p aratu s 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardenable fluidk sealing material 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Cantoned pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

The material 1160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 gallons/nnz^rapectivefy. In apreiemd embodiment, the inaterial 

into the annular region at pressures and flow rates specifically designed for the 
casing sizes being run, the annular spaces being fflM , the pumping equipment 
available, and the properties of the fluid being pumped. The optimum flow rates 
and pressures are preferably <*fti«iifttfd using conTftn tfrm aJ ft^pi ri cal methods. 

30 The hanknahlefluidic sealing material 1160 may comprise any number of 

conventional commarriaty available hardenable flnidic sealing materials audi as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 



hardenable fluktic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1 1 1 ft while maintaining optimum rhametpriatif* ****** mmimize 
5 operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended omenta are preferably determined using 
conventional empirical m e t hods . 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110. the 

10 annular region will be filled with material 1 160 . 

As illustrated in Fig. 10d, once the aiinular region Wn adequately filled 
with material 1160, one or more plugs 1165 t or other similar devices, preferably 
axe introduced into the fluid passages 1 140 thereby fluidicly isolating the interior 
region of the tubular member 1 1 10 ftrrm fh* ?wi\)*r region external tn the tubular 

15 member 1110. In a preferred embodiment, a ncmhanimabtefluidic material 1161 
is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1166, or other smular devices, are intra 
into the fluid passage 1140 with the introduction of the nan hardenable fhiidic 

20 material In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimized. 

As ulustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurized, the tubular member 1 1 10 is ertruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the phigB 1166 into the fluid passage 1130 at a surface location in a 
conventi onal manner . The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 

30 brass balls, plugs, rubber balls, or darts mo dified in accordance with the t eachings 
of the present disclosure. 



-60- 



In a preferred embodiment, the plugs 1165 comprise low d ensi ty rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1166 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
5 hardenah le fluidic material 1161 is preferably pumped into the interior region of 
the tubular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9.000 pai and 40 to 8,000 pdlonatein. 
In a preferred embodiment, after placement of theptogs 1165 in the fluid passages 
1140, the non hardenahle fluidic material 1161 is preferably pumped into the 
10 interior region of the tabular meinbermObekwtheinandielllOSatpiessuiM 
and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250 
gailona/min in order to optimally provide extrusion of typical tubulars. 

For typical tubular members 1110, the ertrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
16 interior region of the tubular member 1110 below the mandrel 1 105 reaches, for 
example, approximately 1200 to 8500 pai In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expendable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 pal 
20 Daring the extrusion process, the expandabfemandrd 1105 

out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about O to 5 ft/aec. Ina p r rierr e d embodiment ,durfagtheqrtruflion 
process, the exp andable mandr el 1105 is raised out of the expanded portion of the 
tubular member 1110 a^ 
26 provide penmtao^iatmert 

the extrusion process will be completed befcre the material 1160 cures, 
in a preferred embodiment, at kaataportion 1180 rf the tubular 
1110 has an internal diameter less than the outaide diameter of the mandrel 1105. 
In this manner, when the mandrel 1105 expands the section 1180 of the tubu^ 
30 member 1110, at least a portkmtf 

at least the weflborecaeing 1012. Inapartfailar^prefernri 
is effected by expressing the seals 10W 
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the weUbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 500 to 10,000 pti in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 ensure that the joint will withstand typical extremes of tensile and compressive 
bads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an internal diameter less than the outside 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between, the ex p an d ed tubular 
member 1110 and the H^ga 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimal*/ provide pressure to actrvat^ 
15 provide optimal resistance to ensu^ 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllabry ramped down when the ex p a n dable mandrel 1105 
reaches the upper end p>rt^ in this manner, the 

20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be mintmrml In a 
preferred embodiment, the operating pressure of the Guidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 
25 approximate^ all but about 6 feet of the extrusion process. 
Alternatrvery.ormcombinati^ 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tubular member 1110 in order to catch or at least 
decelerate the mandrel 1105. 
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Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the weDbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1 105, 
the integrity of the fluid ic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fluidic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
expanded tubular member 1110 is then removed in a conventional manner. The 
10 material 1160 within the annular region between the tubular membra- 1110 and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. 1% preferably any remaining cored material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner usinga conventional drill string. The resultingtie-back liner 
15 of casing 1170 includes the expanded tabular member 1110 and an outer annular 
layer 1176 of cured material 1160. 

As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1116 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 md packer 1 156 uaing conventional **ri W? n c "M^thod a 
20 In a particularly preferred embodiment, the apparatus 1 100 incorporates 

the apparatus 900. 

Referring now to Figs. if, <m embodiment of an «rp»mt"q p*» d method 
for hangings tubular liner off of an existing wellbore casing will now be described 
As illustrated in Kg. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wellbore 1200 inclndes an eadrting assertion 1210 having 
a tubular casing 1216 and an annular outer layer of cement 1220. 

In order to extend the weDbore 1200 into the subterranean formation 1205, 
a drill string 1225 is used in a well known ™nTi»r to drill out material from the 
subterranean formation 12 05 to form a new section 1280. 
30 As illustrated in Fig. lib, an apparatus 1300 for forming a wellbore casing 
in a subterranean formation is then positioned in the new section 1230 of the 
wellbore 100. The apparatus 1300 preferably includes an expandable mandrel or 
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pig 1305, a tubular member 1310, a shoe 1315, a Quid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expendable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1306 comprises a hydraulic expansion tool 

10 substantially as disclosed in US. Pat No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 13 10 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tubular member 
1310 maybe fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular niember 1310 may range, for 

20 ftffftfT*p)A, frnrn apprttgjmaiafr 0 75 to 47 inches and 1 .05 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer diameters of the tubular member 
13 10 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to optimally provide tpit"™** telescoping effect in the most commonly encountered 
wellbore sixes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thickness and outer diameter of the upper portion 
1355 of the tubular member 1310 range from about S/B to 1M inches and 3 M to 
16 inches, respectively. In a preferred embodiment, the wall thickness and outer 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range from about 3/8 to 1.5 inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section i860 of the tubular member 1310 is less than or equal to the 
5 wall thickness, of the upper and lower sections, 1355 and 1365, of the tubular 
member ifliQm order *** nptmiflTiy fariHate tfw wimofryii of the frtmnion process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tigh t cle aran ces . 

The tabular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment , the upper end portion 1355 of the tabular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tabular member 1310. In a preferred 
embodiment, the length of the tabular member 1310 is limited to minimise the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
15 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 
20 Super Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down ping modified in accordance with the teaching s of 
the present disclosure. In a preferred embodiment, the shoe 1315 

comprises an 

aluminum down-jet guide shoe wi^ 

from Halliburton Energy Services in Dallas, TC, modified in accordance with the 
25 teaching* of thepreeent disclosure, in order to optimally guide the tubular member 

1310 into the wellbore 1200, optimally fhridfcfr isolate the interior of the tubular 

member 1310, and optimally permit the drill out of the shoe 1816 upon 

the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 1315 further includes one or more side 
30 outlet pmrtu m fhndfe communication thfrfftrifl passage 1380, 

T n this manner^ 

the ahoe 1315 nrefflrahlv injects harttenfthU nmdw. -ooiin g tn»^ n ] fato rf^fm 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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shoe 1315 in^ b 1 ^ the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

6 The fluid passage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandr el 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1346 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305. The fluid passage 1320 is pref^ 

a oenteriine of the apparatus 1300. The fluid passage 1320 is preferabjjr selected 
to transport inateriala such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally provide sufficient operating pressures to circulate fluids at 

16 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block farther pass In this manner, 

the interior region 1370 of the tubular member 1310 below the e x pandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubular member 1310 
bebw the expandable mandrel 1305 to be pressurized The fluid passage 1330 is 
preferably positioned substantially along the centerline of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or en 

30 to 3,000 ganons/miirate and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 1310 and the new section 1230 of the wellbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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inc ludes an inlet geometry that can receive a dart and/or a ball p^nifng member. 
In this manner , the fluid passage 1330 cm be sealed off by introdudngaphj^, dart 
and/or ball sealing elements into the flnid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1316 in fluidic 
co mmunicatio n with the fluid passage 1330. The fluid passage 1 335 is preferably 
positioned substantially along the centeriine of the apparatus 1300. The fluid 
passage 1335 is preferably selected to convey material s such as cement, drilling 
10 mud or eposes at flow rates and pressures ranging from about 0 to 3,000 
gaDonaftninute and 0 to 9,000 pa in order to optimally fin the annular region 
between the tubular member 1310 and the new section 1230 of the weflbore 1200 
with fluidic materials. 

The seals 1340 are coupled to and sup ported by the upper end portion 1355 
15 of the tubular member 1310. Tha seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion ofthe casing 1215 and 
the upper portion 1355 of the tubular member 1310 to be fluidichy sealed. The 
seals 1840 may conqaise any number c/cc m v e nti onal wimmm*i<ii|y p rafiniiU geals 
20 such as, for example, lead, rubber, Teflon, or epoay seals modified in accordance 
with the t ttftchmgw of the present disclosure. In a inferred embodiment, the seals 
1340 comprise seals molded from Stratalock epaxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a Irydraulk seal 
annuhis of the overlappingjoint while also abating optimal load bearing capability 
26 to withstand typical tensile and compressive loads. 

In a pr e f erred embodiment, the seals 1840 are selected to optimally provide 
a sufficient fractional force to support theexpanded tubular member 1310 from the 
existing casing 1215. In a preferred embodiment, the fractional force provided Iry 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
30 support the expanded tubular member 1310. 

The support member 1346 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an h»™» i ** > member having B offirient strength to cany the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment! the support member 1345 further includes one or more conventional 
centralixers (not illustrated) to help stabilize the tubular member 1310. 
5 In a preferred embodiment, the support member 1346 is thoroughly cleaned 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the mtrod 

This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign in^ 

10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 mctadesafluid 
passage 1375 that is coupled to the fluid passagB 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down phigs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the wiper plug 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

2Q attachment to the expansion mandrel 1305, 

In a prefcrrfd embodiment, >~*™ or poatkming the apparatus 1300 
within the new section 1230 of the wellbore 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As fflustrated in Pig, lie, a hardenable flnidic BaaBng material 1380 it then 
pumped from a surface location into tlie Quid passage 1320. The material 1880 
then passes from the fluid passage 1320, through the fluid passage 1376, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then peases from the mterior region 1370 into 
the fluid passage 1330. The material 1330 then exits the apparatus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tubular member 1310 and the interior wri of the new 

1200. Continued pumping of the material 1380 canses the material 1380 to fill up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for promple, from about 0 to 5000 psi and 0 to 
1,500 gallona/min, respectively. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,600 gallons/tain, respectively, in order to optimal^ 

10 ffll the aniralar region between 

of the weUhore 1 2Q0 with th* h*Ttim\ah }» fhrVKn rw^Hrtg material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available haidenaUe fluidic sealing materi als such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 

15 hardenable fluidic seeling material 1380 comprises blended cements designed 
specifically for the wefl section being dri^ 

Services in order to optimally provide support for the tubular member 1310 during 

displacement of the material 1380 in the annular region 1390. The optimum blend 

of the cement is preferably determined using conventional empirical methods. 
20 The annular region 1390 preferably is filled with the material 1380 in 

sufficient quantities to ensure that, upon radial expansion of the tabula r member 

mo, the annular region 1390 ofthe new section 

filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 
25 filled with material 1380, a wiper dart 1395, or other similar device, is introduced 

into the fluid passage 1320. The wiper dart 1395 is preferably pumped through the 

flu i d passage 1320 bvamm hardenable fi *«fr 1 381 The wiper dart 1395 

then preferably engages the wiper plug 1S60. 

As illustrated in Pig. lie, in a preferred embodiment, engagement of the 
30 wiper dart 1395 with the wiper plug 1350 causes the wiper phig 1350 to decouple 

from the mandrel 1305. The wiper dart 1395 and wiper phig 1350 then preferably 

wffl lodge m the fluid passage 1330^ 



passage 1330, and fluididy isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 

6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 

10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may compr ise any number of 
conrentioiudcom 

for example, Multiple Stage Cementer latch-down plugs, Omega latch-down phi^B 
or three wiper latrfi^wnplug^daxt modified in accordance with the teachings of 

15 the present disclosure. In a prefeiTed embodiment, tiie wiper 13^ comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 

20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 psi and 0 to 1,500 gaDons/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305- In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 

25 lSlOiamniimixed. 

In a prtffrrrrri embodiment, Mndrmg th* fluid passage 1330. the non 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging fiw 

40 to 3,000 gallons/min in order to optimally provide operating pressures to 
30 the expansion process at rates sufficient to permit adjustments to be 

made in operating parameters during the extrusion process. 
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For typical tabular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psl In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a Ametkm of the tubular member diameter, wall 
thickness of the tubnlar member, geometry of the mandrel, the type of lubricant, 
the composition of the shoe and tabular member, and the yield strength of the 
tubular member . The optimum flow rate and operating pressures are preferably 
determined using conventional empiri cal methods. 
10 During the extrusion process, the fnpenriable mandrel 1305 may be raised 

out of the expanded portion of the tabular member 1310 at rates ranging, for 
example, from about 0 to 5 ft/sec i« a p tw fa w^ embodiment, *"^gthp ertnurion 
process, the ex pandab le mandrel 1905 may he mined out nfthj expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 
15 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1805, the outer surface of the upper end portion 
20 1355 of the tubular member ISlOwiU 

lower end portion of the casing 1215 to form an fhiid tight overlapping joint The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 
25 optimally provide contact pressure annular sealingand provide 

enough resistance to withstand typical tensile and compressive loads. In a 
particularly preferred embodiment, the sealing members 1340 win ensure an 
adequate fhxidic and gaseous seal in the overlapping joint 
In a preferred embodiment, the 
30 haxdenablefluidic material 1381 iecontroDahfr ramped down when the expandable 
mandrel 1305 readies the upper ead portion 1355 of the tubulw 
In this manner, the sudden release of pressure caused by the complete extrusion 
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of the tubular member 1310 off of the expandable mandrel 1305 can be minimized. 
In a preferred embodiment, the operating pressure is reduced in a su b sta ntially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 130S has completed approximately all but about 5 
5 feet of the extrusion process. 

Alternatrvely, or in coinbinatdon, a shock absorber is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, ™* in combination, * wi*™*!**! catching «fa^<^"» in provided 

10 in the upper end portion 1355 of the tubular member 13 10 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1305 is 
removed from the wellbore 1200. InaprefeiTedmnhodhnmit, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fhiidic seal of the 

15 overlapping joint between the upper portion 1 355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
Quiche seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 

20 jg then mrrrrd fri n ^w™?™^"™ 1 ™«tit»«t The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material. 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 

25 of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may then be removedby drillmgoxrt the shoe 1315 using 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 

30 formaton has been described that m 

in the borehole. A body of fhiidic material is then injected into the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandrel 



-62- 



Hie injecting preferably includes injecting a hard enable fhiidic sealing material 
into an annular region located between the borehole and the erterior of the 
tubular linen and anon hardenahle flnidic material into an interior region of the 
tabular liner below the mandrel The method preferably includes Ouididy 
5 isolating the annular region from the interior region before injecting the second 
quantity of the ncm hardenahle sealing material into the interior region. The 
injecting the hardenahle flmdk seating material is preferably provided at 
operating pressures and flow 

galtonstam. The injecting of the non hardenable fhiidic material is preferably 
10 provided at operating pressures an^ 

and 40 to 3,000 gallon Vmfn, The facing nfihm H«H«nsHft fhridic mfltorial 
is preferably provide at reduced operate 

portion of the extruding. The non hardenable fluidk material is preferably 
injected below the mandreL Tte method preferab^hictndespressnrizingB region 
15 of the tubular liner below the mandreL The region of the tubular liner below the 
mandrel is preferably pressurised to pressures xangingfrom about 500 to 9,000 psi. 
The method preferably mrfades 

liner from an exterior region of the tubular liner. The method further preferably 
includes curing the hardpnable sealing material, and removing at least a portion 
20 of the cured nea Hng material located within the tabular liner. The method farther 
preferably includes 

The method further preferably includes sealing the overlap between the tubular 
liner and the existing wellbare casing. The method further preferably includes 
supporting the extruded tabular liner using the overlap with 
25 casing. The method farther p^ 

the overlap between the tubular Knar and the existing wellbore casing. The 
method farther preferably inctades rem 

fh ridiriyftliTt gmaterial within the tubular hw before curing. The method further 
preferably includes lubricating the surface of the mandreL The method farther 
30 preferably includes absorbing shock. The method farther preferably includes 
catching the mandrel upon the completion «f th« extruding 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
5 The tubular member is coupled to the mandrel The shoe is coupled to the tubular 
liner and includes a third fluid passage . The first, second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passa ge, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably iiichides one or n^ 

adapted to prevent foreign m*t*Tin\ from catering an intertorw^km of the tabular 
member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated frnm mnfrtrinlfl fmlfrfrd fr™* B™»P «ffl«gfcmg of Oilfield 
Country Tubular Goods, 13 chromium steel tubingfcasing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.5 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 136,000 psi. The tubular 
member preferably includes one or more sealing members at an end portion The 
tub u lar member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port The shoe preferably is drillable. 

A method of joining a second tubular member to a first tabular member, the 
25 first tubular member having an inner diameter greater than an cuter ^ 

the second tabular member, has been described that includes positioning a 
mandrel within an interior region of the Becond tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member, and extruding the 
30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is preferably provided at operatingpreasuiw 
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600 to 9,000 psL The pressurizing of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferabry includes 
sealing the overlap between the first and second tubular members. The method 
6 further preferably i nc l u de s supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferabry 
includes lubricating the surface of the mandrel The method further preferably 
includes absor bing shock 

AlinerfOTuaemcreaiingan 
10 formation adjacent to an already existing section of weQbore casing has been 
described that includes an annular member, He anzmlarmember includes one or 
moreseah^memberaatanendportkin thft <mnnfanr mm\hw t and one or more 
pressure relief passages at an end portion of the annular member, 

A weUbore casing has been described that includes a tubular liner and an 
16 annular body of a cured fluidic sealing mwtffrial . Tne tubular liner is formed by the 
process of extruding the tubular liner off of a mandrel The tubular liner is 
preferably formed by the process of placing the tubular liner pyid mandrel within 
the weUbore, and pressurising an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferabry formed by the 
20 process of injecting a body of harrlmsbfa flrddiri waling material mto «n »m™nl«i» 
region external of the tubular liner. Dozing the preaaoxizing, the interior portion 
of the tubular liner is preferably fhiididy isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular hner is preferabry pressurized 
to pressures ranging from about 500 to 9,000 psL The tabular hner preferabry 
25 overiarMwithancoristingw The weUbore casing preferabry further 

includes a seal positioned 

weUbore casing. Tubular liner is preferabry supported the overlap with the 
existing weUbore casing. 

A method of repairing an existing section of a wellbore casing within a 
30 borehole has hem tWrih^ tw. hw*»,w Milling n tnbulnr liner and a mandrel 
within the weUbore caging iq^ctrng * body of n fhiirtin m n ^ ft | fa^ the borehole, 
pre ssurizin g a portion of an interior region of the tubular Hn er , and radially 
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expanding the finer in the borehole by extruding the liner off of the mandreL In 
a preferred embodimait, the flu^ 

of alag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluididy isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of th» body tf 

rates ranging from about 600 to 9,000 pa arid 40 to 3,000 galtoiisfrnin. In a 
preferred embodiment, the injecting of the body of fluidie material is provided at 
reduced operating pressures and flow rates during an end portion of the extruding. 
10 In a preferred embodiment, the fluidie mateialkii^jected below the mandreL In 
a preferred embodiment, a regkm of the tubular finer below the mandrel is 
pressurized. In a preferred embodiment, the r^ 

mandrel is pressurized to pressures ranging from about 500 to 9,000 psL In a 
preferred embodiment, the method further includes overlapping the tubular liner 

15 with the existing wellbare casing. In a preferred embodiment, to 

includes sealing the interface between the tubular liner and the existing wellbore 
casing In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method ft^ 

20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method tether includes lubricating the surface of the 
mandrel In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandr el upon the completion of the extruding. In a prefer red embodiment, the 

26 method further includes expanding the mandrel in a radial direction. 

A tie-back finer for fining an existing wellbore casing has been described 
that includes a tubular finer and an annular body of a cured fluidie sealing 
material. The tubular finer is fonn^ 

off of a mandrel The annular body of a cured fluidie sealing material is coupled 
30 to the tubular finer. In a preferred embodiment, the tubular finer is formed by the 
process of placin g the tubular liner and mandrel within the wellbore, and 
pressurising an interior portion of the tabular liner. In a preferred embodiment, 
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during the pressurizing, the interior portion of the tabulw 

from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular liner is pressurized at pressures ranging from about 
500 to 9,000 psL In a preferred embodiment, the annular body of a cured ftuidic 
5 sealing material is, formed by the process of iqjegfcinff » hnHy pfhardenable fhridic 
sealing material into an annular region between the existing wellbore casing and 
the tubular finer. In a preferred embodiment, the tubular liner overlaps with 
another existing weHbore casing, fa a pmto w^H embodiment, thft tfe-back liner 
further includes a seal positioned in the overlap brtween the tubular liner and the 
10 other existing weHbore casing: In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing weffixxre casing. 

An apparatus far expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandrel 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fhiM passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel inrhides a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe indudee a tubular member, and a load 
bearing member. Preferably, the load bearingmember comprises a dr illab le body 
Preferably, the exterior portion of the mandrel campriaea an expansion cone. 
Preferably, the expand on cone fa fehrfeflfrnd frrm» muta^i, g4° rt ftd frmn the group 
conjdrtingoftoolsteAtitanimn.andceramfe- Preferably, the expansion cone has 
a surface hardness ranging from about 58 to 62 Rockwell C. Preferably at least a 
portion of the apparatus is drillable. 

A lt hou gh illustrative embodiments of the invention have been ahovra *t"* 
described, a wide range of modification, changes and substitution ia contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 



Claims 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 injecting fluidic material into the borehole; 

5 pressurising a portion of an interior region of the tabular liner ; and 

6 radially expanding at least a portion of the Hner in the borehole by 

7 extruding at least a portion of the liner off of ih* mAn^ ] 

12. A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing casing; 

3 comprising: 

4 drilling out a new section of the borehole a4jacent to the already existing 
a casing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

6 overiapping the tubular liner with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 flnidfcfarimlatingtheannnlfir region between ti>e tubular lin er and the tow 

12 section of the borehole from an interior region of the tubular liner 
U below the mandrel; 

14 ixtfecting a mm hardenable fluidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular lfawr MTnTthn expandable ^"ft rol; 

17 sealing the overlap between the tubular liner and the already existing 

18 casing; 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



22 testing the integrity of the seal of the overlap between the tabular lin^ 

23 the already existing casing; 

24 removing at least a portion of the hardenable fluidic sealing material from 

25 the interior of the tubular liner; 

26 curing the remaining portions of the fluidic hardenable fluidic sealing 

27 material; and 

28 removing at least a portion of the cured fluidic hardenable sealing material 

29 within the tabular liner. 

1 3. An apparatus for expanding a tubular member, comprising: 

2 a support member, the support member including a first flnid passage ; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the shoe including a t^ 

7 wherein the first, second and third fluid passages are operably coupled. 

1 4 # An apparatus for expanding * tubular member, comprising: 

2 a support member, the support member including: 

3 a first fluid passage; 

4 a second fluid passage; and 

5 a flow control valve coupled to the firrt and second fluid passages; 

6 an expandable mandrel coupled to the support member, the expandable 

7 mandrel incl uding a third fluid passage coupled to the first fluid 

8 passage; 

9 a tubular member coupled to the mandrel, the tubular member including 

10 one or more sealing elements; 

11 a shoe coupled to the tubular member, the shoe including 

12 a fourth fluid passage coupled to the third fluid passage, the fourth 

13 fluid passage adapted to receive a Stop member; and 

14 one or more exhaust passages coui^ to the fourth fl 

15 injecting fluidic material outside of the shoe; and 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign, material into an 

18 interior region of tte tubular member. 

1 5. A method of joining a Beccouitub^ the 

2 first tubular member having an inner diameter greater than an anter rlinmot^ 

3 the second tubular member. 

4 positioning a mandrel within an interior region of the second tabular 

5 member; 

6 pressurixing a portion of 

7 and 

8 extruding the second tubular member off of the mai^ 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an annular member, the annular member mrinriing: 

S one or more sealing members at an end portion of the *tmyi ff r 

4 member; and 

5 one ormore pressure relief passages ai an end portion of tlieaiinular 

1 7. A weUbore casing; comprising: 

2 a tubular liner, the tabular liner formed by the process of: 

3 extruding the tubular liner off of a mandrel; and 

4 an annular body of a cured fluidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for fining an existing weUbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular liner offofa mandr el; fin d 

4 an annular body of a cured fluidic sealing material coupled to the tubular 

6 liner. 
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1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operabry coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 
6 an expandible tubular member coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe including: 

10 a third fluid passage operaWy coupled to the second fluid passage; 

11 an interior portion; and 
IS an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 
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